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RESUMEN El laboreo tiene una influen-
cia directa sobre las propiedades hidrofísi-
cas del suelo. Este trabajo evalúa el efec-
to del laboreo sobre la densidad aparente 
(ρb), los parámetros de van Genuchten de 
la curva de retención (α y n), la sorptivi-
dad (S) y la conductividad hidráulica (K). 
Se compararon tres sistemas de laboreo: 
vertedera (CT), chísel (RT) y no-laboreo 
(NT). Las medidas se realizaron a lo largo 
de un período de barbecho de 18 meses. 
En condiciones estructuradas, NT presentó 
valores más altos de ρb y n, y valores más 
bajos de α, K y S. Tras labores primarias 
se observó un aumento de α, S y K. Las 
primeras precipitaciones efectivas post-la-
boreo, responsables de la formación de la 
corteza superficial, promovieron que los 
parámetros hidráulicos medidos tendie-
ran a recuperar sus valores pre-laboreo, es 
decir, se observó un aumento de ρb y n y 
una disminución de α, S y K.
ABSTRACT. Tillage practices have a sig-
nificant influence on the soil hydro-physi-
cal properties. This work evaluates the ef-
fect of tillage on the soil bulk density (ρb), 
the van Genuchten (1980) water retention 
parameters (α y n), saturated sorptivity (S) 
and hydraulic conductivity (K). Three dif-
ferent tillage systems were compared: con-
ventional (CT) reduced (RT) and no-tillage 
(NT) systems. Measures were performed 
along an 18 month long fallow period. 
Under structured conditions, NT present-
ed the highest values of ρb and n, and the 
lowest values of α, K and S. Loosening 
of soil due to primary tillage practices 
increased α, S and K. These parameters 
tended to recover their pre-tillage values 
after post-tillage copious rainfalls; which 
were also responsible of the surface crust 
formation. After the post-secondary tillage 
rainfalls, ρb and n increased and α, S and 
K decreased.
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1. INTRODUCTION
Tillage practices alter the soil struc-
ture and hence their hydraulic proper-
ties. Loosening of surface soil by tillage 
reduces the soil bulk density (Green et 
al., 2003¸Strudley et al., 2008) and tends 
to increase K (Green et al. 2003; Moret 
and Arrúe, 2007b; Strudley et al. 2008), 
probably due to an increase in the mac-
ropores fraction (Cameira et al., 2003; 
Moret and Arrúe, 2007b). Overall, Moret 
(2004) found that S tended to increase 
after post-tillage + rain status under CT 
systems, but this author did not found a 
general pattern in the dynamics of S along 
the observed fallow periods.
Tillage also modifies the shape of soil 
water retention curve ,θ(ψ), which results 
in an increase in the pore volume at the 
wet end section of θ(ψ) (Peña-Sancho, et 
al., 2016), a decrease in the pore fractions 
corresponding to lower (more negative) 
pressure heads, and an increase in the 
slope of the θ(ψ) (Schwartz et al. 2003). 
Tillage operations, however, have a transi-
tory effect on θ(ψ) because of rain impacts 
on the freshly tilled soil, that promotes a 
breakdown of soil structure (Green et al. 
2003). The soil structure changes due to 
the rainfall events and the associated wet-
ting and drying cycles lead to a collapse of 
the largest pores while keeps constant and 
sometimes even increases the frequency 
of the smallest ones (Mapa 1986). Schwen 
et al. (2011b, 2011a) and Peña-Sancho et 
al., (2016) studied the soil reconsolidation 
under CT and RT, and found that while the 
θ(ψ) slope presented small temporal altera-
tions, considerable changes were observed 
at the wet end of θ(ψ). These changes 
were observed in the order of CT < RT in 
Schwen et al. (2011b, 2011a) and in the 
opposite one in Peña-Sancho et al., (2016). 
These results, however, contrast with those 
obtained by Jirku et al. (2013) in a CT 
experiment, who observed that both the 
slope and the near saturation section of 
θ(ψ) were highly variable in time. More 
recently, Peña-Sancho et al. (2016), stud-
ying the dynamics of θ(ψ) of freshly tilled 
soils, found that firsts effective rainfalls 
recorded after tillage are the main factor 
that regulates post-tillage θ(ψ) dynamics.
The objective of this work was to eval-
uatesthe effect of tillage on the soil bulk 
density (ρb), the van Genuchten (1980) 
water retention parameters (α y n), satu-
rated sorptivity (S) and hydraulic conduc-
tivity (K). Three different tillage systems 
were compared: conventional (CT) re-
duced (RT) and no-tillage (NT) systems.
2. MATERIAL AND METHODS
The site is located at the dryland re-
search farm of the Aula Dei Experimental 
Station (EEAD-CSIC). Three different 
tillage systems were compared under 
the traditional cereal-fallow rotation of 
18-months of fallow: conventional tillage 
(CT), reduced tillage (RT) and no-tillage 
(NT). Secondary tillage operations were 
performed on July 2014 and consisted on 
a harrow disc treatment. NT used exclu-
sively herbicides. The study was conduct-
ed when the field was in the long fallow 
phase from January 2014 to October 2014. 
Tillage treatments were arranged in a com-
plete block design consisting in 9 plots 
with three replicates per treatment.
Soil volumetric water content (θ) with-
in the 0-10 cm soil depth was monitored 
from January 2014 through October 2014 
using the Time Domain Reflectometry 
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technique (TDR). The TDR waveforms 
were analyzed using the software TDR-
Lab (Moret-Fernández et al. 2010).
The soil bulk density was determined 
by the core method with core dimensions 
of 50 mm diameter x 50 mm height. The 
same soil cores were used to determine 
θ(ψ). Once the soil core collected, the 
cores were air dried during several weeks, 
after which, the residual water (θr) cor-
responding to a pressure head of 166000 
kPa was measured. The θ(ψ) were deter-
mined using TDR-pressure cells (Moret-
Fernández et al. 2012). The soil samples 
were saturated by means of capillary rise 
method following the procedure (Moret-
Fernández et al., 2016. The following pres-
sure heads were sequentially applied: 0.5, 
1.5, 3, 10, 50 kPa.
The K and S were measured in soils 
with surface crust and without crust in 
the 1-10 cm soil layer using the disc infil-
trometer technique. A Perroux and White 
(1988) tension disc infiltrometer with a 
disc radius of 50 mm. Using the numeri-
cal procedure developed by Latorre et al. 
(2015), the K and S values were estimated 
by searching the best fitting between the 
measured cumulative infiltration curve and 
the corresponding quasi-analytical solution 
developed by Haverkamp for 3-D (1994).
3. RESULTS AND DISCUSSION
Compared to CT and RT, the highest 
ρb values of NT observed under consol-
idated soil conditions, (Figure 1) are in 
agreement with those results observed by 
other authors (Evett et al. 1999; Schwartz 
et al. 2003; Moret and Arrúe 2007b; Peña-
Sancho et al.2016). This fact is commonly 
associated with the gradual consolidation 
of the soil matrix due to wetting and dry-
ing cycles. The decrease of ρb after pri-
mary tillage operations under RT agrees 
with those results obtained by Green et 
al. (2003), Moret and Arrúe (2007b) and 
Peña-Sancho (2016). The significant in-
crease of ρb observed in both treatments 
after the post-secondary tillage rainfalls 
could be related with soil pulverization 
promoted by the harrow discs operation.
Fig. 1. Time course of (a) Rainfall (P) and averaged 
soil volumetric water content (θ) in the 0-10 cm 
layer during the experimental fallow period under 
conventional tillage (CT), reduced tillage (RT) and 
no-tillage (NT) and (b) soil bulk density (ρb). ‘T’ 
denotes primary tillage’; ‘t’ denotes secondary till-
age; * indicates significant differences among till-
age treatments at p < 0.05.; ** indicates significant 
differences among tillage treatments at p < 0.01; 
** *indicates significant differences among tillage 
treatments at p < 0.001; Symbols denotes average 
ρb per tillage treatment. Error bars denote calculated 
standard deviations. Lowercase letters denote signif-
icant differences among sampling dates.
The significant increase in α param-
eter after primary tillage in both CT and 
RT systems (Schwen et al. 2011a, 2011b; 
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Peña-Sancho et al., 2016) should be should 
be attributed to the soil breakdown by till-
age, which increases the pore volume at 
the wet end section of θ(ψ) (Peña-Sancho 
et al., 2016) and consequently the soil 
macroporosity. The different behavior be-
tween CT and RT may be related to the 
different soil structure created by tillage. 
The cutting action of chisel plough in RT 
produces channels and cracks between 
soil aggregates, creating a porosity con-
sisting of inter-connected packing voids 
with large equivalent diameters (Leão et 
al. 2014).
The copious rainfall events recorded 
after tillage consolidated the structure of 
the freshly tilled soils by collapsing the 
more unstable macroporosity. The main 
changes in α occurred after the first effec-
tive rainfalls, which, (Peña-Sancho et al., 
2016), indicates that the first effective rain-
falls after tillage are the main responsible 
factor that modifies and brings the water 
retention curve to its pre-tillage values 
(Figure 2a).
The higher n under NT in S1 (Figure 
2b) indicates a more sharp reduction in 
water content with increasing soil tension. 
As also observed by Schwen et al. (2011a 
and b), tillage operations had a little in-
fluence on n. This behavior, also observed 
by Peña-Sancho et al.(2016), could be due 
to α is more related to soil structure and 
consequently strongly affected by tillage, 
while n is more related to the soil texture 
(Jirku et al. 2013).
The lowest S (Figure 3a) and K (Figure 
4b) observed in the soil surface crust are 
in agreement to the higher surface crust 
bulk densities. The higher K values ob-
served in the CT surface crust along the 
fallow period would indicate that could RT 
tends to create a less permeable soil sur-
face crust. Under structured soil conditions 
(S1), the lower subsurface S and K values 
(Figures 3b and 4b) under NT soils is con-
sistent with that found by Moret and Arrúe 
(2007b) who related these differences to 
the more compacted soil under NT. The 
unexpected low K observed in the subsur-
face layer measured in the S2 under CT and 
S7 under CT and RT (just after primary and 
secondary tillage) may attributed to the 
collapse of the freshly tilled soil structure 
due to the infiltrometer weight. Overall, 
the increase of S and K after primary and 
secondary tillage practices in both soil
Fig. 2. (a) α and (b) n van Genuchten (1980) θ(Ψ) 
parameters along the fallow period under conven-
tional tillage (CT), reduced tillage (RT) and no-till-
age (NT) measured in (a) soil crust and (b) without 
soil crust. ‘T’ denotes primary tillage’; ‘t’ denotes 
secondary tillage; ˙ indicates differences at p < 
0.1; * indicates significant differences among till-
age treatments at p < 0.05; ** indicates significant 
differences among tillage treatments at p < 0.01; 
** *indicates significant differences among tillage 
treatments at p < 0.001; symbols denote average α 
and n values per tillage treatment. Error bars denote 
calculated standard deviations.
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Fig. 3. Soil sorptivity (S) measured along the fal-
low period under conventional (CT), reduced (RT) 
and no-tillage (NT) treatments in (a) the soil surface 
crust and (b) the 1-10 cm depth soil layer.
03/0
3/14
  
24/0
3/14
  
14/0
4/14
  
05/0
5/14
  
26/0
5/14
  
16/0
6/14
  
07/0
7/14
  
28/0
7/14
  
18/0
8/14
  
08/0
9/14
  
29/0
9/14
  
10-4
10-3
10-2
10-1
 K
cru
st(m
m 
s-1
)  
10-5
10-4
10-3
10-2
10-1
100
     T
    S1
a t
    S3
    S4     S5
    S6
    S8
    S10
b
   a
b b b
b
b
b
b
ab
b
b
a
b
     T
    S1
b t
    S2
   S3
    S5
    S7
    S6
   a a a
a
a
bc
abc
a
c
ab
abc
K n
o-c
rus
t  (m
m 
s-1
)  
a
a
  ***
  
 S9
S8
  
 S10
a
bc
a
a
a
a
  ***   *
  *   **
  *
  ***
   S4
a
a
abc
abc
bc
.
RT
NT
CT
Fig. 4. Saturated hydraulic conductivity (K) meas-
ured along the fallow period under conventional 
(CT), reduced (RT) and no-tillage (NT) treatments 
in (a) the soil surface crust, and (b) the 1-10 cm-
depth soil layer.
layers and CT and RT treatments is 
consistent with that observed by Moret and 
Arrúe (2007b). The post-tillage rainfalls 
created the soil surface crust, which K and 
S values tended to recover the pre-tillage 
values. Finally, the high soil compaction 
promoted by the secondary tillage made 
to decrease the K an S values at the end 
of fallow.
4. CONCLUSION
This work evaluates the effect of till-
age practices on the soil surface crust S 
and K and the 1-10 cm depth soil S, K, 
ρb and θ(ψ) measured during a 18-months 
long fallow in a semiarid area of Central 
Aragón. Three different tillage systems 
were compared: conventional (CT) re-
duced (RT) and no tillage (NT). The results 
showed that both primary and secondary 
tillage had a significant influence on the 
soil hydraulic properties, whose effect 
differed from the tilling tool. The wetting 
and drying cycles associated to post-tillage 
rainfall events made the soil tended to re-
covered the pre-tillage soil hydro-physical 
properties. The first effective rainfalls after 
tillage were the main factor that regulates 
the reconsolidation of freshly tilled soils.
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